with successful device placement, and a possibly increased incidence rate of delayed groin infection. 3 The DUETT vascular hemostasis device (Vascular Solutions, Minneapolis, Minn) is a novel sealing device that incorporates a unique low profile positioning balloon catheter in combination with a biologic procoagulant mixture containing collagen and thrombin to rapidly facilitate extravascular thrombosis in the perivascular tissue to achieve hemostasis. 4 The purpose of the SEAL study was to evaluate the safety and efficacy of the DUETT sealing device in comparison with manual hemostasis in a group of patients who underwent either diagnostic or interventional coronary procedures.
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Methods

Patient population
The SEAL study was performed at 16 hospitals whose institutional review boards had approved the protocol. Patients were eligible for the study if they were to undergo a diagnostic or interventional cardiac procedure with femoral arterial access were 18 years of age or older and could provide written informed consent. Patients who met any of the following criteria were excluded from recruitment: arterial sheath of less The use of vascular hemostasis devices (VasoSeal, Datascope Corp, Montvale, NJ; Angio-Seal, St Jude Medical, Minneapolis, Minn; Prostar/Techstar, Perclose, Inc, Menlo Park, Calif) has increased in the last several years as physicians attempt to improve patient comfort and minimize the duration of bedrest after diagnostic and interventional coronary procedures. Current devices have several limitations, however, including deployment failure in 2% to 12% of cases, 1 requirement for considerable technical expertise with a prolonged learning curve, 2 an entry port considerably larger than the initial vascular sheath, retained components restricting future groin site access, delayed oozing of blood even Results Time to hemostasis from the completion of the procedure (catheter removal; median) was 14 minutes (interquartile range [IQR], 10, 17 minutes) in the DUETT group and 195 minutes (IQR, 46, 351 minutes) in the standard compression group (P <.001), and time from sheath removal (median) was 7 minutes (IQR, 6, 8 minutes) and 20 minutes (IQR, 15, 30 minutes) for the 2 groups, respectively (P <.001). Time to ambulation from catheter removal (median) was 338 minutes (IQR, 223, 526 minutes) in the DUETT group and 705 minutes (IQR, 400, 1120 minutes) in the standard compression group (P <.001). Major complications occurred in 3.6% of the DUETT group and 1.7% of the standard compression group (P = .22), with a diminishing risk of complications in the DUETT group as experience was accrued. Similar benefits from DUETT use were seen in patients who underwent both diagnostic and interventional procedures.
Conclusion
The DUETT sealing device allows immediate arterial sheath removal after both diagnostic and interventional procedures, dramatically reducing time to hemostasis and patient ambulation without compromising patient safety in comparison with standard compression techniques. (Am Heart J 2002; 143:612-9.) than 5F, more than 9F, or longer than 10 cm; presence of a 6 cm-diameter or more hematoma before initial sheath removal; presence of clinically severe peripheral vascular disease manifested by claudication at <100 feet, weak or absent pulses in the affected limb, ankle brachial index of <0.5 at rest, or known stenosis ≥50% in the iliac or femoral artery on the affected side; prior vascular bypass surgery or stent placement involving the affected femoral artery; suspected posterior femoral artery puncture or puncture distal to the common femoral artery bifurcation (iliofemoral angiography was required in all patients before randomization); known bleeding disorder, including platelet count of <100,000 or receipt of thrombolytic therapy within the previous 24 hours; hemoglobin of <10 gm/dL; international normalized ratio of >1.5; activated clotting time of >400 seconds at the conclusion of the catheterization procedure; suspected pregnancy; life expectancy of less than 1 year; Q wave myocardial infarction within 72 hours; uncontrolled severe hypertension (systolic blood pressure >180 mm Hg or diastolic blood pressure >110 mm Hg); medical indication for continued intravenous heparin therapy after the procedure; known allergy to bovinederived products; and estimated femoral artery diameter of <6 mm on the basis of femoral angiography results.
Patients were randomly allocated to 1 of the 2 treatment groups with a closed envelope system and permuted block design supplied by the coordinating center. Patients were stratified on the basis of interventional or diagnostic procedure and by treatment site. Randomization favored the DUETT sealing device numerically in a 5:3 ratio and interventional procedures in a 2:1 ratio over diagnostic procedures.
DUETT deployment/standard compression
If the patient was randomized to the DUETT sealing device, the 3F DUETT catheter (Figure 1 ) was placed through the indwelling arterial introducer sheath, the distal occlusion balloon was inflated, and the device was retracted until firm resistance signifying pressure of the balloon against the inner aspect of the arterial wall was noted by the investigator (Figure 2 ). While this pressure was maintained, the introducer sheath was withdrawn 5 to 10 mm and negative aspiration from the sheath side arm was attempted to assure balloon occlusion of the arterial puncture site. The procoagulant suspension comprised of 250 mg of bovine microfibrillar collagen (Avitene, Davol Inc, Woburn, Mass) and 10,000 units of bovine thrombin (Jones Medical Inc, St Louis, Mo) was slowly injected via the sheath side arm as the sheath was slightly withdrawn. The occlusion balloon then was deflated and extended with the movable core wire, and the entire device was withdrawn as an assistant held firm manual pressure at and above the site of arterial entry. A light pressure dressing then was applied to the femoral access site for 1 hour after hemostasis was observed.
Figure 1
Diagram of components of DUETT device.
Patients randomized to the control arm underwent treatment with manual compression with the standard of care at that clinical site. The Femostop device (Radi Medical Systems, Uppsala, Sweden) and C-clamp were allowed as adjuncts to manual compression, but no other vascular hemostasis devices were permitted.
Ambulation and monitoring
The chronology of clinical and laboratory assessment is provided in Table I . For the determination of time to hemostasis and time to ambulation, the clock was considered to start at the time of the completion of the antecedent procedure, as evidenced by removal of all diagnostic or interventional catheters and the physician's verbal indication of the end of the procedure. Time to hemostasis also was assessed with the time of sheath removal as "time zero." For patients randomized to the DUETT device who had undergone diagnostic evaluation only, assessment of hemostasis was made at 2-minute intervals until hemostasis was achieved. For patients randomized to the DUETT device who had undergone interventional procedures, the first assessment was at 5 minutes and was followed by subsequent assessment at 2-minute intervals as necessary. Achievement of hemostasis was defined as that time when there was no significant bleeding at the puncture site after release of any manual pressure. Whether randomized to the DUETT device or to manual compression, the puncture site was observed continually for 5 minutes to confirm hemostasis.
Patients randomized to the DUETT device were to be ambulated according to guidelines noted in Table II . Patients randomized to standard compression were ambulated according to the institution's practice standards. In both instances, patients were not to be ambulated until no active bleeding was shown at the puncture site and the systolic blood pressure in the supine and sitting position was 100 mm Hg or more. The time of ambulation was recorded as that time when the patient had gotten out of bed and walked 110 feet without loss of hemostasis.
Patients from 5 centers (n = 214) were requested to return for 30-day follow-up femoral artery duplex ultrasound scan examination. The tapes of these examinations were forwarded to the core ultrasound scan laboratory at Beth Israel Deaconess Medical Center in Boston for treatment-masked analysis.
Data collection and statistical analysis
Locally collected data were transmitted for data entry, quality control, and analysis at Cardiovascular Data Analysis Center, Boston, Mass. A Clinical Events Committee, completely independent of the sponsor, reviewed and adjudicated all major complications without knowledge of treatment assignment. A formal Data and Safety Monitoring Committee assessed the progress of the clinical investigation.
The primary efficacy endpoints were to show a reduced time to hemostasis and ambulation with the DUETT sealing device compared with standard compression. The primary safety endpoint was the incidence of major complications (vascular surgery, ultrasound scan-guided compression to treat a pseudoaneurysm, bleeding requiring transfusion, infection of the puncture site requiring extended hospitalization, and antibiotic administration within 30 days) with the DUETT
Figure 2
Injection of procoagulant with DUETT device in proper position.
device and standard compression. All patients were to undergo clinical examination at 30 days. The timing and incidence of these endpoints were to be compared for the 2 methods of hemostasis used in the combined group of patients for diagnosis and intervention. Secondary objectives included the device success rate, time to discharge, and an analysis of the components of the primary endpoint dividing patients into those with diagnostic and interventional procedures. The sample size was determined as the largest patient number necessary to provide adequate statistical power (α = 0.05; β = 0.80) for the time-dependent endpoints (with independent Student t test) and for the major complication rate (with the Blackwelder method of assessing equivalence with estimated complication incidence rate of 6% in the 2 study groups and a prespecified significant difference of 5%). 5 The final sample size was determined with the sample size estimate for major complications as 630 patients (400 patients for intervention, 200 patients for evaluable diagnosis, and 30 patients assumed likely to be lost to follow-up examination). Two hundred fourteen patients were prospectively assigned to 30-day ultrasound scan follow-up examination at 1 of 5 sites. Formal economic and quality of life substudy analysis was performed at 8 of the clinical sites, the details of which will be reported separately.
Data are presented as mean ± standard deviation, median with interquartile range, or proportion, as appropriate. Although the primary analysis called for a comparison combining the patients for diagnostic and interventional procedures, for the purposes of clarity and comparison, these data are also presented separately. All formal statistical analyses were performed with the intention-to-treat principle. Between group tests for differences in outcome used Fisher exact test and Mann-Whitney U test (for skewed data), as appropriate. Multivariate logistic regression analysis was used to assess independent correlates of major complications. A 2-sided P value of <.05 was considered significant.
Results
Baseline patient characteristics and preprocedural medications are enumerated in Table III . There were no significant differences between the DUETT and standard compression groups in any of the parameters measured. Arterial sheath size and activated clotting time are shown in Table IV . Primary efficacy and safety data are described in Table IV. All patients were followed through hospital discharge. Thirty days after enroll-
Patient condition Sheath size Recommended ambulation guidelines
No anticoagulation 5F-6F 1-2 hours after procedure 7F-8F 2-4 hours after procedure Anticoagulation* 5F-6F 3-4 hours after procedure 7F 4-5 hours after procedure 8F 5-6 hours after procedure 9F 6-7 hours after procedure Any approved GP IIb/IIIa platelet receptor blocker 5F-9F Left to investigator's discretion, but no earlier than recommendations used for patients with anticoagulation *Anticoagulation: 50 u/kg or more of heparin during procedure or predeployment ACT 200 seconds or more. Also, with full dose of enoxaparin (1 mg/kg twice per day) within 8 hours of DUETT deployment, ambulation should follow anticoagulation guidelines. GP, Glycoprotein. (OR, ; P = .06) were independently correlated with the likelihood of major complications. Ninety-four patients for DUETT and 58 patients for standard compression received intravenous glycoprotein IIb/IIIa inhibitors. Time to hemostasis (median, 14 vs 214 minutes; P <.001) and time to ambulation (median, 453 vs 889 minutes; P <.001) were significantly shorter with randomization to the DUETT device, and there was no significant difference in the incidence rate of major complications (DUETT 4.3% vs standard compression 0.0%; P = .30).
At both 7-day and 30-day follow-up examinations in the quality of life substudy patient group in whom detailed information was obtained, there was no difference in response to the question "do you have discomfort at the catheter placement site." The DUETT group (n = 227) had discomfort at 7 days of 24% and at 30 days of 22%. The standard compression group (n = 137) had discomfort at 7 days of 25% and at 30 days of 24% (both P = not significant).
Discussion
The results of this study show a significant and considerable reduction in times to hemostasis and ambulation with the use of the DUETT device compared with traditional compression techniques for patients undergoing both diagnostic and interventional procedures. At the same time, there were no significant differences in the 1% to 5% incidence rate of major complications observed between treatment strategies, a finding similar to that of other randomized trials in this field. 3, 5, 6 Overall use of vascular hemostasis devices appears to be increasing. It is estimated that nearly 1.2 million devices have been used worldwide as of early 1999. 1 The driving force behind this increased utilization appears to be patient comfort and rapidity of mobilization. No well-controlled study has showed a reduction in major vascular complications after diagnostic and interventional procedures with any of these devices. 1, 3, [6] [7] [8] [9] [10] The results of this study should be viewed in context of several limitations: 1, the exclusion of patients at high risk, such as those with advanced peripheral vascular disease or activated clotting time of more than 400 seconds; 2, limited power to detect differences in major complications, owing primarily to the low incidence rate of major complications noted in both groups; 3, inability to ascertain whether or not earlier ambulation might have been safe in patients randomized in either group; and 4, the apparent "learning curve," which in retrospect might have been less apparent with a longer run-in pilot phase.
The results of this study, and several attractive design and effectiveness issues relative to other vascular hemostasis devices, including that both the arteriotomy and tissue tract size are not enlarged with use of the device, that no intraarterial foreign body remains, and that rapid and complete hemostasis is achieved without tissue tract oozing, strongly support the initial clinical utilization of this device. At the same time, it is recognized that further enhancements are desirable and will need to be tested.
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